Arformoterol (R, R) is an enantiomer of racemic formoterol, was the first long-acting beta agonist (LABA), approved by U.S. food and Drug Administration (FDA). The Arformoterol which is used for the treatment of Chronic obstructive pulmonary disease (COPD) are inhaled bronchodilator drugs which are delivered directly to the patient's airways through a different mechanism. The formulated drug product is kept for stability study as per ICH guideline [1] and during its stability interval analysis by HPLC (High performance liquid chromatography), an unknown peak observed at level around 0.1% which is well below the identification threshold of 0.5% but after heating it crossed the identification threshold. The approach to identify anonymous species of Arformoterol aqueous formulation was adopted as first to generate the impurity in sample, isolate, enrich and Characterize through LC-MS/MS and NMR Spectroscopy. Based on the spectral data the anonymous species was identified as an "Imine impurity", it is secondary degradant of Amine impurity of Arformoterol formed due to reaction with leachable observed in LDPE respules.
Introduction
Arformoterol was the first long-acting beta agonist (LABA) approved by the US Food and Drug Administration (FDA) for nebulized delivery. Arformoterol is chemical resistance. It is an easy flow material because of long chain branching ( Figure 1 ). LDPE is permeable to gases and vapours [3] .
The formaldehyde is generated during manufacturing of Low Density Polyethylene (LDPE) because of multiple technologies are involved, the widely High Pressure Process (HPP) is used which involves uses of peroxide catalyst at 100˚C -300˚C and produces low density polymer which has a low melting point. The process is run at pressure of 1000 -2500 atms. This process yields (LDPE). The "high pressure" polyethylene shows a higher melt flow index (MFI) and therefore, processes easier than most other types of polyethylene [4] The formaldehyde can be liberated through the manufacturing procedure for LDPE (Low Density Polyethylene) in the melt of thermoplastics which comprises small admixtures of polyacetal. Even small amounts, e.g. less than 0.5% by Weight, of polyacetal in the main plastic can be sufficient to liberate undesirable concentrations of formaldehyde. It is well known that polyacetals can decompose thermally during processing in the melt, thus liberating formaldehyde.
High processing temperatures above 230˚C and long residence times accelerate the degradation [5] [6] . In addition to the above factors there is one more possibility to generate the formaldehyde when the polyacetals can react with acidic compounds, additives, catalyst residues, etc., with the liberation of formaldehyde.
During this process, formaldehyde emission deriving from decomposition of the polyacetal is markedly reduced by adding suitable additives/stabilizers. The formaldehyde liberated from the LDPE process reacts with Amine Impurity of Arformoterol which results Imine product in presence of aqueous formulation the final product formed in this process also known as Schiff's base [7] [8] . Figure 1 . Structure of LDPE which shows the highly branched molecular structure of low density polyethylene. The impurities observed in a drug substance or a drug product need to be identified when their levels exceed certain regulatory thresholds with respect to their maximum daily dose [9] [10] .
The impurities are originating from the drug substance or drug product most commonly within the synthetic or manufacturing process or degradation [11] ,
Moreover the impurities can be formed due to secondary degradation of impurity due to leachable coming from packaging material. Further to identify the impurity is difficult due to low level of the impurity concentration exhibit poor UV spectra quality [12] . The utilization of UV or PDA data alone for impurity analysis is inadequate. The stereochemistry of the compounds adds a common challenge with impurity profiling, Isolation of impurities at such minute amount can be extremely tedious, time consuming, and difficult. Hence mass spectrometry plays a central role in our approach rather than the use of only ultra-violet detection.
For identification of an unknown species, we have developed an approach that combines degradation studies, isolation and enrich the impurity and subjected to NMR, UV and mass spectroscopy to elucidate the structure of unknown impurity. Based on the fragmentation pathways by LC-MS/MS analysis the relevant degradation mechanism is designed. Then it is subjected to HPLC with Photo-Diode-Array (PDA) detector to estimate the quantity and observe the PDA Scan.
Typically, a stress study (or forced degradation) is carried out using acid, base, heat, oxidation, reduction and photo-irradiation, etc. Frequently, the very fact that a degradant can be generated from a stress study would verify the degradation mechanism, from which the structure of the unknown degradant may be inferred with high confidence level. In such cases the NMR spectroscopy is used to confirm the structure deduced from the outcome of the LC-MS/MS analysis and forced degradation study.
Experimental

Materials and Reagent
The chemicals and reagents used for the analysis and synthesis purpose of Ar- 
Liquid Chromatography-Time of Fight (Tof) Mass Spectrometry
The LC-MS/MS analysis was performed on a waters Xevo QT of mass spectrometer interfaced to waters Acquity UPLC equipped with a UV detector. The sample were injected as such with concentration∼7.5 ppm. The separation was carried out on a Zorbax SB C18 (50 × 4.6) mm, 3.5 um column at 45˚C temperature with 20 μl injection volume, using a mobile phase system consisting of 0.63 gm ammonium formate in distilled water pH 3.5 with formic acid A, and B, Acetonitrile: distilled water (600:400 v/v) with a flow rateof 0.5 mL/minutes and a gradient program varied according to the following program: 0 minutes (2% B), 15minutes (2% B), 25 minutes (30% B), 30minutes (2% B), 40 minutes (2% B). The LC flow for the mass spectrometer was split at a ~60:40 ratio after the UV detector; about 400 μL/minutes of the LC flow was directed into the MS detector. UV spectrum was collected at 215 nm. The QT of mass spectrometer was operated at positive V electrospray mode with the following source parameters: cone gas 10 L/hr, desolvation gas 1000 L/hr, source temperature 120˚C, desolvation temperature350˚C, capillary voltage 3 Kv, sampling cone 25˚C and extraction cone 4.0. The time-of-flight (TOF) MS analyzer was operated with ∼4000 full width half maximum resolution and was calibrated externally with a sodium iodide solution. Spectra were acquired at 1 scan/s scan rate and 0.1 s inter-scan time.
Synthesis of Unknown Degradant at RRT (Relative Retention
Time) about 0.52
Weighed about 100 mg of Amine impurity of Arformoterol with added 1 ml aqueous formaldehyde and 10 ml each Acetonitrile and Methanol in to 100 ml round bottom flask (RBF) then heated the solution at 50˚C for 16 hours then 
In-Situ Generation of Unknown Impurity
The Arformoterol Tartrate Inhalation sample solution heated with 60˚C for 4 hours with addition of small amount of aqueous solution of formaldehyde in solution, and after 6 hours subjected to LCMS for molecular weight determination and injected to HPLC for PDA scan and quantitation of impurity and amine impurity of Arformoterol already present in sample solution.
Unknown Impurity Characterization by NMR
The 1 H and 13 C NMR spectra were performed on Varian spectrometers operating at 500 MHz at 25˚C using deuterated solvent DMSO-d6 with Tetra methyl silane as an internal standard. The Samples were prepared in DMSO-d6 and CDCl 3 in concentration of ∼1 -2 mg/mL. 2D g COSY experiment was performed in a magnitude mode with gradient selection method. The H 1 chemical shift values were reported on the δ scale in ppm, relative to Tetra methyl silane (δ = 0.0 ppm). The sample was prepared in DMSO in concentration of ∼2 mg/ml.
Unknown Impurity Characterization by FTIR
The FTIR spectrum of secondary degradant of amine impurity of Arformoterol was recorded on the Thermo Nicolet iS10 model FTIR. Place around 2 mg of sample on sample holder and recoded the spectrum with blank correction.
Toxicological Evaluation by DEREK Nexus and CASE Ultra Software
No direct toxicological data is available on public domain for the identified impurity. Evaluation of secondary degradant was done on Derek Nexus: 6.0.1, Nexus: 2.2.1, an expert knowledge based SAR program which contains expert rules (derived from public and proprietary data) in toxicology and CASE Ultra 1.6.2.3 which is a statistical based software applies the rules to make predictions about the toxicity of chemicals, which are the widely-respected and accepted for the assessment of mutagenicity and carcinogenicity has yield following outputs for Arformoterol and unknown impurity: 1) Carcinogenicity in human is EQUIVOCAL 2) Hepatotoxicity in human is PLAUSIBLE 3) Skin sensitisation in human is PLAUSIBLE All the Toxicological alerts observed for unknown impurity is same as mother molecule Arformoterol.
Results and Discussion
Impurity Identification by LC-MS/MS and HPLC-PDA
The anonymous species at retention time ∼5.7 minutes (RRT ∼0.52) (Figure   2 (a)) was observed in Arformoterol Tartrate Inhalation drug product ∼ 0.1% well below the threshold of 0.5%. The impurity was observed ∼1.6% after exposure to 40˚C for 4 days of as such as sample solution when it was analysed by a compendial method. It was clear from the LC-MS/MS spectral observation the RRT about 0.52 peak is a related to Arformoterol. The UV spectrum of Arformoterol showed a maximum absorbance band at 193 nm, 214 nm, 245 nm fourth maxima is at 282 nm, the third and fourth maxima are due to the phenolic and formamide functional group present in Arformoterol. While the impurity peak showed a markedly different UV spectrum, the two new absorbance bands are appearing at ∼225 nm and ∼296 nm respectively. The UV maxima at ∼245 nm bands of Arformoterol shift to 225 nm due to absence of carbonyl group and one more new band at ∼296 nm are due to imine functional group which is attached to benzene ring (data not shown).
In the MS spectrum of Arformoterol showed protonated (m/z 345) molecular ions (Figure 2 (Table 1) , same masses were confirmed by negative potential also (data not shown). These mass spectroscopic data clearly suggested that an unknown impurity at RRT about 0.52 is a degradant of amine impurity of Arformoterol. Since Arformoterol and Amine impurity shows the maximum absorbance at ∼214 nm is due to the characteristic conjugated phenol, the impurity at RRT about 0.52 is formed due to the reaction of primary amine and formaldehyde and forms Imine (Schiff's base) which clearly indicated in UV spectra (data not shown) outlined in Scheme 2.
We investigate the presence of this impurity by comparing with multiple lots of reference listed drug (RLD) with near expiry in addition to the characterization of this impurity (secondary degradant). Moreover, all the results for impurity at RRT about 0.52 calculated with RRF of 1.3 were well below the qualification threshold of 1.0%.
Degradation Study Based on LC-MS/MS Results
To test the above proposition the impurity at RRT about 0.52 was isolated by HPLC discussion outlined in sec 2.4 the possible formation mechanism of the unknown species, was found that the unknown peak was observed only when after exposure to 40˚C for 4 days of as such as sample solution the sample solution was exposed to heat in presence of formaldehyde.
Mechanism: when Amine impurity is treated with Formaldehyde then the
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Scheme 2. Imine impurity.
loan pair of electrons of Nitrogen is attacked d to carbonyl carbon of formaldehyde and then undergoes phenyl amino alcohol intermediate, further the hydroxyl group accepts proton from acid leaves with water molecule by forming double bond of nitrogen loan pair with carbon. Further the base is abstract proton from Nitrogen and gives stable product (Schiff's Base) outlined in Scheme 2.
Preparation of Secondary Degradant
Based on the results for the multiple lots of the RLD and with due consideration to the ICH qualification threshold of 1.0% considering the maximum daily dose, a limit of 0.5% is proposed for this secondary degradation product to be controlled as a impurity at RRT about 0.52 at release and stability. The proposed impurity limit corresponds to an exposure of 0.15 mcg/day considering the maximum daily dose of 30 mcg for Arformoterol Tartrate Inhalation Solution.
We therefore believe that the proposed limit of 0.5% for impurity at RRT about 0.52 is considered to be associated with a negligible risk.
The impurity preparation discussion outlined in sec 2.4 was performed; this ). An unknown species in sample clearly appeared ∼1.5% yield after the 4 days Heat at 40˚C for in presence of formaldehyde (Figure 3) . The mass and UV spectrum of species generated shows different UV spectrum due to Imine functional group with that of Arformoterol and Amine Impurity observed in sample solution (data not shown). The unknown impurity prepared (outlined in sec 2.4) and spiked with the sample which was exactly co-eluted with the retention time of unknown impurity in sample, which shows same mass and UV spectrum (data not shown).
The secondary degradant of Arformoterol generated from the temperature study was synthesised and then characterized by UV spectra, NMR and mass spectroscopy.
Characterization of Unknown Impurity by NMR
An unknown impurity formed due to Amine impurity of Arformoterol with formaldehyde discussion outlined in sec 2.4 and 2.5. The NMR spectra of the unknown species were confirmed that it is indeed Imine impurity (Scheme 3).
Which is a Schiff's base formed due to the primary amine reacts with aldehyde or ketone. In a separate study, the singlet signal at δ = 8. (Figure 4(b) ). 
Characterization of Unknown Impurity by IR-Spectroscopy
IR spectra have traditionally been interpreted by assigning absorption that fall in particular frequency ranges to specific functional group approach to spectral interpretation. Thus, the absorption bands for synthesized unknown impurity 
Toxicological Interpretation of the Impurity
The toxicological assessment on Derek Nexus: 6.0. ethanol} and formaldehyde, which can be termed as Imine impurity.
Conclusion
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